Introduction. Increasingly physical activity (PA) is being recognized as an important outcome in non-small cell lung cancer (NSCLC). We investigated PA using novel global positioning system (GPS) tracking individuals with NSCLC and a group of similar-aged healthy individuals. Methods. A prospective cross-sectional multicenter study. Fifty individuals with NSCLC from 3 Australian tertiary hospitals and 35 similar-aged healthy individuals without cancer were included. Individuals with NSCLC were assessed pretreatment. Primary measures were triaxial accelerometery (steps/day) and GPS tracking (outdoor PA behavior). Secondary measures were questionnaires assessing depression, motivation to exercise, and environmental barriers to PA. Between-group comparisons were analyzed using analysis of covariance. Results. Individuals with NSCLC engaged in significantly less PA than similar-aged healthy individuals (mean difference 2363 steps/day, P = .007) and had higher levels of depression (P = .027) and lower motivation to exercise (P = .001). Daily outdoor walking time (P = .874) and distance travelled away from home (P = .883) were not different between groups. Individuals with NSCLC spent less time outdoors in their local neighborhood area (P < .001). A greater number of steps per day was seen in patients who were less depressed (r = .39) or had better access to nonresidential destinations such as shopping centers (r = .25). Conclusion. Global positioning system tracking appears to be a feasible methodology for adult cancer patients and holds promise for use in future studies investigating PA and or lifestyle behaviors.
Introduction
Non-small cell lung cancer (NSCLC) is associated with significant disease burden, deterioration in physical function, and impairment in health-related quality of life. [1] [2] [3] [4] Individuals with NSCLC commonly experience debilitating symptoms, which often include a combination of breathlessness, fatigue, cough, and pain. After a diagnosis of NSCLC, a cycle of functional decline and inactivity commonly ensues. The American College of Sports Medicine recommends that adults with cancer engage in 30 minutes of moderate-intensity physical activity (PA) on 5 or more days of the week. 5 These are the same guidelines as those that apply to the general older adult population. 6 However, in comparison to other types of cancer, there has been a lack of research quantifying PA behavior of people with NSCLC, particularly with the use of objective measurement tools.
Previous research has shown that time spent outdoors is associated with improved physical and mental health outcomes, 7, 8 including lower levels of depression and higher self-esteem in the general population. 9 Global positioning system (GPS) tracking provides a novel and unique method of measuring time spent outdoors objectively; however, no studies have previously used this in a cancer population. The primary aims of this study were, therefore, to use GPS tracking to (1) objectively measure level of PA (both total and outdoors) and (2) assess total time spent outdoors by individuals with newly diagnosed NSCLC and compare this to similar-aged healthy individuals. Secondary aims were to (3) compare motivation to exercise between individuals with NSCLC and similar-aged healthy individuals and to (4) explore the relationships between PA and (a) levels of depression, (b) motivation to exercise, and (c) environmental barriers to PA.
Methods
A prospective cross-sectional multicenter study was conducted from November 2010 to October 2012. Two groups of participants aged 18 years or older were studied. Group 1 consisted of individuals with newly diagnosed nonmetastatic (stage I to IIIB) NSCLC (Table 1 ) who were screened and recruited from weekly outpatient clinics by recruitment therapists at 3 tertiary hospitals in Melbourne, Australia. Group 2 consisted of stable community-dwelling individuals without cancer (Table 1) . Healthy individuals were recruited from posters advertising the study. All sites had institutional ethical approval, and participants provided written informed consent. The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines were followed to report this study. 10, 11 Demographic data were obtained including living arrangements, employment status, limitation to walking, and use of gait aids. Participants living further than 50 km from Melbourne city were classified as living in a rural location. Performance status was rated by the participant and physician (NSCLC group only) using the Eastern Cooperative Oncology Group-Performance Status (ECOG-PS) scale, which ranges from 0 (fully active) to 4 (bed bound)/5 (deceased). 12 Comorbidities were scored with the simplified Colinet comorbidity score (higher scores represent greater comorbid disease) 13 and respiratory function was collected. Medical data, for individuals with NSCLC, were collected including tumor stage, tumor histology, and type of cancer treatment (surgery, chemotherapy, and/or radiotherapy) undertaken in the subsequent first 6 months following diagnosis.
Physical activity was measured using a KinetaMap device (Sparkfun Electronics GPS-08725, Boulder, CO), which incorporated triaxial accelerometery (number of steps per day) and GPS tracking (time spent walking outdoors, time spent outdoors, and distance travelled from the home). 14 Participants were instructed to wear the device around their waist for 5 consecutive days including a weekend day and were required to charge the device overnight. A minimum of 3 "full days" of data (defined as device turned "on" for ≥8 h/day) were required for participants' data to be included in analyses. Data were analyzed with computer software programs custom-designed by our research personnel. 15 All accelerometer and GPS data were averaged across the number of full days that the device were worn. The accelerometer component of the KinetaMap device registered time-stamped acceleration of the body in 3 planes (sampled at 50 Hz), and data were exported into the computer program to calculate steps per day. Raw GPS coordinates were sampled at 1 Hz and inputted into the computer program, which loaded data into Google Earth and plotted the coordinate and velocity related data on a graph. This allowed for the manual identification of periods of outdoor and indoor activity, with the locations of travel and velocity of movement used to determine whether the activity was likely to be walking or passive transport 
Measurement of Secondary Outcomes
Levels of depression were measured using the Hospital Anxiety and Depression Scale (HADS). 16 The HADSdepression scale is composed of 7 questions, scored on a 4-point Likert-type scale from 0 to 3, and asks participants to recall how they have been feeling over the past 7 days. Answers are summated to give a score out of 21, and higher scores represent higher levels of depression. Motivation for exercise was assessed using the 19-item Behavioral Regulation of Exercise Questionnaire Version 2 (BREQ-2), 17 which has been validated in healthy 18 and colorectal cancer populations. 19 The 19-item questionnaire is composed of 5 subscales, and responses to the 19 statements are rated on a 5-point Likert-type scale from 0 (not true for me) to 4 (very true for me). The following definitions apply to the subscales: external regulation ("engaging in PA due to external pressures or to achieve externally imposed rewards"); introjected regulation ("internalization of external controls which are then applied through self-imposed pressures in order to avoid guilt or to maintain self-esteem"); identified regulation ("conscious acceptance of the PA as being important in order to achieve personally valued outcomes"); intrinsic regulation ("undertaking PA for enjoyment or satisfaction inherent in engaging in the actual PA"); and amotivation ("a state of lacking any intention to engage in a behavior"). 17 The mean item scores for the 5 BREQ-2 subscales were calculated and an overall total Relative Autonomy Index was also calculated by applying published weightings to subscores and summating total scores. 17 Higher regulation subscores represent more motivation to exercise. Higher amotivation scores represent less motivation to exercise. Higher Relative Autonomy Index scores represent more autonomous motivation and greater selfdetermination to exercise. Environmental barriers to PA were assessed using the 65-item Neighborhood Environment Walkability Scale-Australian Version (NEWS-AU), a valid and reliable tool 20 designed to assess factors associated with the residential neighborhood that may have an impact on an individual's ability to walk for recreation or transport. 21 The NEWS-AU comprises 7 subscales: "land-use mix diversity" (ie, how close the participant lives to nonresidential destinations such as shopping centers), "land-use mix access" (ie, how easy it is for the participant to access nonresidential destinations such as shopping centers), "street connectivity" (ie, are there many dead-end streets in the local area?), "infrastructure for walking" (ie, are there many footpaths for walking in the local area?), "aesthetics of area," "traffic safety," and "safety from crime." The mean item scores for the NEWS-AU subscales were calculated. 22 The residential density subscale was scored by applying published weightings relative to the average density of a single-storey home to item scores and summating scores within the subscale. 21 
Sample Size
Using t tests for a moderate effect size (d = 0.6) and an α of .05, 35 participants per group would be required to detect moderate difference in steps/day between groups. Allowing for a 30% noncompliance rate, the group sample with NSCLC was increased to 50. We used a moderate effect size to calculate sample size because there were no data available to calculate difference in steps or GPS variables at the time of designing the study.
Statistical Methods
Data were analyzed using SPSS Windows Version 20.0 (SPSS, Chicago, IL). Descriptive statistics and graphical displays were used to identify missing and out-of-range values and to assess the distributional characteristics of test scores prior to formal analysis. Descriptive statistics were also used to assess compliance with assessments and to summarize characteristics and outcome data by group. Pearson's χ 2 for nominal variables, Mann-Whitney U tests for ordinal variables, and independent samples t tests for continuous variables were used to compare demographic and clinical characteristics of consenters and study decliners. One-way analysis of covariance was used to assess group differences in continuous outcomes after adjusting for preexisting differences associated with age, provided equal variances could be assumed. If the Levene Statistic was significant, however, group differences were assessed with the Mann-Whitney U test. Alpha was set at .05 (2-tailed) for these analyses. Standard effect size indices (Cohen's d and r as appropriate) were used to quantify the size of between group differences. 23 Pearson's correlation coefficient was used to assess bivariate relations between steps/day and both exercise motivation and environmental barriers to PA, 24 with coefficient associations interpreted as weak ≤0.25, fair 0.25 to 0.50, moderate 0.50 to 0.75, and large 0.75 to 1.0. 25
Results
Between November 2010 and April 2012, 1018 patients were screened for inclusion into the group with NSCLC, of whom 20% (n = 206) were eligible and 9% (n = 90) were approached ( Figure 1 ). The consent rate was 62% (n = 56). The main reason for ineligibility was "diagnosis other than NSCLC" 46% (n = 441), and for nonconsent the main reason was "too distressed/anxious with diagnosis" 23% (n = 8; Figure 1 ). There was not a statistically significant difference in the age between patients who consented (mean [SD] = 68.5 ± 9.3 years) and those who declined to consent to participate in the trial (mean [SD] = 70.1 ± 10.4 years; mean difference = −1.6; 95% confidence interval [CI] = −6.3 to 3.0; P = .493). There were also no statistically significant differences in gender (χ 2 = 1.52, P = .218, phi = −0.14), cancer stage (χ 2 = 9.45, P = .098, phi = 0.35), or physician-rated ECOG-PS (χ 2 = 4.87, P = .181, phi = 0.26) between consenters and nonconsenters. Six individuals (11%) were withdrawn from this group and not analyzed due to a diagnosis other than NSCLC being confirmed after surgery (Figure 1 ). During the same time period, 36 healthy individuals expressed interest in the study, all were eligible, and 97% (n = 35) consented. Fifty patients with NSCLC and 35 healthy individuals were included in final analysis (Figure 1 ). Accelerometery data were analyzed for 56% (n = 28) of the NSCLC group and 86% (n = 30) of the healthy group. The main reason for the lack of data in the NSCLC group was patient noncompliance (n = 10, 20%) or insufficient time for monitoring to occur before treatment commenced (n = 8, 16%; Table 2 ). There was a significant difference in the respiratory function measured by forced expiratory volume in the first second (FEV 1 ) between patients who did have accelerometery data (mean [SD] = 83.2 ± 16.5% predicted) and those that did not have accelerometery data (mean [SD] = 64.7 ± 21.8% predicted; mean difference = −18.5% predicted; 95% CI = −30.7 to −6.3; P = .004). No differences existed for age (P = .260), comorbidities (P = .806), cancer stage (P = .178), self-reported limitations to walking (P = 1.000), or employment status (P = .948) between patients with and without data. All missing accelerometery data from the healthy group were due to malfunctioning of the device (n = 5, 14%) and this occurred at random ( Table 2 ). The percentage of missing items from questionnaires for the NSCLC and healthy groups were 1.11% and 0.07%, respectively, and items were missing at random.
As expected, there were significant between-group differences for age (P = .005), living arrangements (P = .042), employment status (P = .001), smoking status/history (P < .001), self-reported limitation to walking (P = .002), FEV 1 (P < .001), and comorbidities (P < .001; Table 3 ), representing the nature of the "healthy" versus "cancer" cohort.
Healthy individuals were engaged in higher levels of PA than the individuals with NSCLC (Table 4 ). There was a mean difference (95% CI) between groups of 2363 steps/ day (685 to 4040; P = .007; Table 4 ). Although there was no significant difference in the daily time spent walking outdoors (Table 4 ; Figure 2 ), there was a trend for individuals with NSCLC to spend less time outdoors (a mean of 40 minutes less; P = .130; Table 4 ). There was no difference in the furthest distance travelled away from the home (P = .883). Time spent close to the home, either within 100 m or 1 km from the home, was not significantly different between groups (Table 4 ). However, the healthy group spent significantly more time outdoors in their local neighborhood area 1 to 5 km from their home (P < .001; Table 4 ).
Individuals with NSCLC performed fewer PA sessions per week than healthy individuals (median [interquartile range; IQR] 4.0 [0.0-7.0] sessions vs 6.0 [2.0-7.0] sessions, P = .024). Thirty-percent (n = 15) of the NSCLC group reported not participating in any PA, compared with only 6% (n = 2) of the healthy group. The most frequent type of PA undertaken during the week was also significantly different between groups (P = .046): the most commonly reported activity in both groups was walking (62%, n = 31, NSCLC vs 69%, n = 24, healthy); however, the group of healthy individuals more commonly reported alternative activities including dancing (0% NSCLC vs 9%, n = 3, healthy), golf (2%, n = 1, NSCLC vs 6%, n = 2, healthy) and cycling (2%, n = 1, NSCLC vs 6%, n = 2, healthy). In addition, the group with NSCLC watched more daily television than healthy individuals (median [IQR] 4.0 [2.0-5.0] hours NSCLC vs 2.0 [1.5-3.0] hours healthy; P = .001).
Individuals with NSCLC had significantly higher depression scores and lower motivation to exercise than healthy individuals (Table 4 ). No differences existed in amotivation scores between groups, with both groups having low levels of amotivation (ie, no intention to exercise) with median scores of zero (Table 4 ). In the NSCLC group, higher levels of depression and lower levels of intrinsic regulation (ie, gaining pleasure from exercise) were found in individuals who took fewer steps per day (correlation between depression and steps/day r = .39; correlation between intrinsic regulation and steps/day r = .29). Similarly in the healthy group we found that people who were less active (fewer steps per day) had lower levels of intrinsic regulation (r = .27), and we also found that healthy individuals who were less active had lower levels of identified regulation (ie, valuing the benefits of exercise; r = .29).
There were no differences in the environmental barriers to PA between groups (see the appendix, which includes between-group data for the Neighborhood Environment Walkability Scale domain items). In the NSCLC group, people who had better land-use mix access (ie, easy access to shopping centers) were more active (correlation between land-use mix access and steps/day r = .25). All other correlations between number of steps per day and the domains measured by the Neighborhood Environment Walkability Scale (NEWS-AU) for both groups were weak (r < .25).
Discussion
Our study is novel, being one of the first to use GPS tracking technology for PA measurement in an adult clinical population beyond single or double patient case reports. 26, 27 The outcomes we measured, including time spent walking outdoors, time spent outdoors in total, time spent away from the house, and distance travelled from the house, provide important information not only on PA location and context but also on social isolation. Individuals with NSCLC were less physically active prior to commencing treatment than a group of similar-aged healthy individuals. However, we did not find differences in the time spent walking outdoors or the total time spent outdoors between the groups. There was a nonsignificant trend for those with NSCLC to spend 40 minutes less time than healthy individual's outdoors each day, and a significant reduction in time spent in the local neighborhood area between 1 and 5 km from the home. Although further adequately powered studies are required for confirmation, these findings do provide support for the use of GPS tracking to precisely quantify outdoor activity levels in clinical populations, as this information would be difficult to derive using simple self-reported feedback.
GPS technology provides the ability to measure outdoor activity and outdoor time, which traditional PA measures (such as accelerometers) have been unable to quantify. The ability to measure outdoor time is particularly important given the increasing evidence linking time spent outdoors with improved outcomes, including both physical and mental health. 8, 9 Our results demonstrated a significant difference between groups for time spent in the local neighborhood area, and this provides insight into the pattern of outdoor behavior. The healthy group spent ≈3.5 times as long outdoors in this region compared to the group with NSCLC (43 vs 12 minutes), whereas for the other 3 regions there was little difference. This finding may be due to a number of factors, including the group with NSCLC replacing their local neighborhood activities with time spent nearer the location of their clinical appointment (although this was not statistically significant); a loss of desire to travel within the local neighborhood due to the diagnosis (and potentially the stigma associated with the diagnosis of NSCLC); or as a consequence of the loss of mobility associated with the Abbreviations: BREQ, Behavioral Regulation of Exercise; CI, confidence interval; IQR, interquartile rage; n, number; SE, standard error. a Effect sizes = 0.2 small difference, 0.50 medium difference, 0.80 large difference. 23 Higher regulation scores represent more motivation to exercise due to that regulation. Higher Relative Autonomy Index represents more self-determination to exercise. Higher amotivation scores represent less motivation to exercise. *Statistically significant.
disease, impairing the patients physical ability to leave the home and engage with the community. In addition, the restricted time in the local neighborhood may coincide in patients who are socially isolated. Reduced PA is commonly seen in socially isolated older adults. 28 The barriers to outdoor behavior and community engagement that are experienced by patients with NSCLC are potential factors that can be addressed in attempts to enhance health outcomes and activity levels. To our knowledge, this is the first study to use the BREQ-2 to assess exercise regulation in individuals with NSCLC. Our results suggest that amotivation (failure to value exercise) was not different between individuals with NSCLC and healthy individuals; however, all other components of exercise regulation were significantly worse in individuals with NSCLC. Overall, individuals with NSCLC had less self-determination to exercise, which is not surprising since we also demonstrated PA levels were low. The measure of exercise motivation was taken straight after a new diagnosis of NSCLC, and therefore, the distress and knowledge of the new diagnosis may have influenced the measure of an individual's motivation to exercise. The baseline data reflect motivation to exercise pretreatment and may or may not be different to motivation to exercise 2 weeks prior when the patient did not have the diagnosis.
Our results also showed that people who had higher levels of depression were less active. It is not possible from our results to determine causality, and therefore we do not know if less activity increases depression levels or if depression lessens the motivation to be active in this population. In both the healthy older and cancer populations, exercise has the ability to reduce depression severity 9, 29, 30 ; consequently, both depression and exercise motivation are important outcomes to target with interventions to increase PA in patients with NSCLC in the future.
Higher levels of PA have a dose-dependent relationship with a decreased risk of developing cardiovascular disease, stroke, hypertension, colon cancer, breast cancer, type 2 diabetes, and osteoporosis in the general population. 31 Importantly, PA is also a determinant of cardiorespiratory fitness and PA levels are a predictor of premature mortality. [32] [33] [34] While no studies have investigated the association between PA and survival in NSCLC, performance status and fitness at time of diagnosis are known, strong and independent predictors of survival in NSCLC. 35, 36 Not surprisingly, PA is increasingly being recognized as an important outcome in the NSCLC population as well. Further studies are now needed to investigate if higher levels of PA are associated with improved survival in NSCLC.
There is a growing interest in the role of "prehabilitation" for the cancer population with the aim to optimize health presurgery and therefore accelerate the postsurgical recovery and reduce morbidity and mortality. 37 Research findings specifically from the lung cancer population are promising, with studies conducted to date demonstrating improvements in exercise capacity and postoperative respiratory function after a period of preoperative physiotherapy and/or pulmonary rehabilitation. 38, 39 However, the studies conducted to date are limited, with small numbers, lack of follow-up, and generally poor methodological (only 2 studies are randomized controlled trials) design, establishing a need for further research in this area. The time of cancer diagnosis is potentially a "teachable moment" when patients may psychologically respond well to exercise interventions. The median [IQR] time from our physical assessment to cancer treatment was 12 days (Table 3) , and therefore, our work has provided additional evidence that recruitment and measurement of PA outcomes prior to surgery is feasible within the pretreatment "window." Similarly, PA intervention within this pretreatment window may also be possible for some individuals.
We included a measure of environmental barriers to PA to investigate the relationship they may have with PA in our study. The importance of the environment positively or negatively affecting an individual's PA behavior is being increasingly recognized, with factors such as better street connectivity, greater residential density, and closer proximity to shopping centers known to encourage increased participation in PA in the general population. 40 Surprisingly, land-use mix access (intermingling of residential and commercial users) was the only environmental factor to be correlated with steps per day, and this was only found in the group with NSCLC. This result suggests that individuals with NSCLC, who had better access to nonresidential destinations (such as shopping centers), were more active than those who did not. Individuals who live closer to commercial areas (such as shopping centers) are more likely to walk for transport, rather than drive, to the shopping center promoting incidental activity. 40 Our results suggest this may be the case for people with NSCLC. It is also possible that destinations such as shopping centers where everything is available at one place (shops, food) and the environment is temperature controlled may attract people with impairments since it is easier to walk around inside such spaces.
Our study also demonstrated that individuals with NSCLC watched significantly more television per day than healthy individuals. At time of diagnosis individuals with NSCLC watched a median of 4 hours per day (28 hours/ week), which increases their risk of all-cause and cardiovascular disease mortality (≥4 h/week) 41 and is also well above the highest risk category (>14 h/week) for abnormal glucose metabolism and type 2 diabetes. 42 The increased sedentary behavior of patients with NSCLC, in comparison to healthy individuals, could be due to disease symptoms such as fatigue, physical debility impairing ability to be active, low motivation to exercise, and higher levels of depression. In addition, a greater proportion of the group with NSCLC were not working, increasing the time during the day when they may have watched television (Table 3) .
Limitations
This study is limited by the lack of PA data collected. We had problems with malfunctioning of the KinetaMap device in the control group and participant noncompliance. During the piloting stage of the study, performed in 2009, few systems were available for assessing combined triaxial accelerometery and GPS data. The KinetaMap was low-cost and portable enough to use for personal tracking; however, design factors such as it not being water or shock proof may have been a cause for the malfunctions observed. Although this is a limitation with the present study, future similar research could use combined GPS and accelerometer activity monitors, such as Smartphones. Participants who were noncompliant with wearing the KinetaMap device may have been those with lower PA levels based on our evidence that patients who complied had significantly better respiratory function than those who did not. Twenty-six percent (n = 9) of patients who declined to participate in the study did so because they were too distressed with the cancer diagnosis or did not feel up to being involved. Therefore, it is possible that the patients who declined were engaged in even lower levels of PA than those we recruited. However, we found no difference between physical function (measured using the ECOG-PS) of study consenters and those who declined. In addition, caution must be used in concluding that patients with NSCLC are significantly less active than healthy controls given the time period in which this data were collected (individuals with NSCLC had data regarding their PA collected in the short time period between time of diagnosis and treatment commencement).
We did not investigate if the weather had an impact on participation in PA. Previous research has reported that weather affects the amount of walking that individuals with NSCLC engage in, due to fear of falling and a particular dislike of the cold. 43 We ensured 1 of the 5 days of monitoring was a weekend day to account for potential differences in PA between week days and weekend days. Reports suggest that number of steps taken on Sundays can drop up to 26% depending on the month of assessment (and weather). 44 There were slightly more individuals who were currently employed in the healthy group. This could have affected the time spent outdoors (for indoor occupations) or level of PA (for physically active occupations).
Conclusion
Using novel global positioning system tracking and accelerometers we measured physical activity and outdoor behavior in a patient population and healthy cohort. Global positioning system tracking appears to be a feasible methodology for adult cancer patients and holds promise for use in future studies investigating physical activity and/or lifestyle behaviors.
Appendix
Comparison of Environmental Barriers to Physical Activity Between Groups. 
